The paper describes the results of estimation of a factor-augmented vector autoregressive model that relates the markup on mortgage loans in national currency, granted to households by monetary financial institutions, and 1-month inter-bank rate that represents the cost of funds for financial institutions. The factors by which the model is augmented, summarize information that can be used by banks to forecast interest rates and evaluate macroeconomic risks. The estimation results indicate that there is a significant relation between the markup and the changes in 1-month WIBOR. This relation can be interpreted as evidence of incomplete transmission of the monetary policy shocks to mortgage rates set by monetary financial institutions. The policy shocks are partially absorbed by changes in the markup.
Introduction
An interest rate pass-through model represents a relation between retail rates set by monetary financial institutions for households and firms and a policy rate or a wholesale market rate representing cost of funds for financial institutions. Before the emergence of the financial crisis, the empirical literature on the interest rate pass-through focused on the estimation of bivariate models relating a retail rate (e.g., mortgage rate) and a market rate (e.g., EURIBOR). The extent and the speed of the pass-through were considered as indicators of the effectiveness of monetary policy.
Under conditions of financial turmoil, the effect of policy rates and short-term market rates on retail rates has become weaker, and the conventional models of the pass-through have become poor representations of the monetary policy transmission. An augmentation of the conventional models is needed in order to account for additional information that monetary financial institutions consider when settting retail rates for households and firms.
In this paper we consider a factor-augmented vector autoregressive (FAVAR) model that explains deviations from the long-run equilibrium defined by a conventional model of the pass-through for mortgage rates in Poland. A conventional model is based on the assumption of a constant markup of a retail rate over a wholesale rate. Persistence changes in the markup imply deviations from the equilibrium. The FAVAR estimated in this paper, measures relations between the markup, changes in a wholesale rate, and a few common factors that are estimated using a large panel of macroeconomic and financial indicators.
The empirical model is motivated by a theoretical forward-looking model which describes a relation between the markup and the expectations formed by monetary financial institutions. The common factors summarize information that can be used by monetary financial institutions in the evaluation of macroeconomic risks and the forecasting of future interest rates.
The paper is organized as follows. In the next section we describe a simple theoretical model of the pass-through. Section 3 includes a description of the econometric model. Data description is given in Section 4. The estimation results are reported in Section 5. Section 6 concludes the paper.
Aggregation, expectations and the pass-through
Monetary Financial Institutions (MFI) Interest Rates (MIR) statistics adopted in the EU countries, including Poland, provides synthetic retail bank rates that are aggregated into a few broad categories defined by the type of a product and its maturity (e.g., loans for house purchases over 1 year and up to 5 years maturity).
The aggregation is performed by reporting agents (monetary financial institutions).
Therefore, no systematic statistical data are available for individual products of exact maturity.
The economic literature on the interest rate pass-through uses these retail rates to match them with money market rates or government bond yields (wholesale rates) defined for specific maturities (see, e.g., de Bondt 2005). As there is no exact matching of maturities between retail rates and wholesale rates, two approaches are commonly used: either a retail rate is matched to a short-term money market rate approximating a policy rate (like 1 or 3-month EURIBOR), or an appropriate wholesale rate is chosen on the basis of correlation analysis among those rates which are closest to a given retail rate in maturity. A notable exception is the study by Sorensen and Werner (2006) who construct synthetic wholesale rates.
The first approach ignores the maturity transformation and is only valid if there is a stable relation between short-term money market rates and long-term bond yields. The second approach uses an ad hoc method which may match different wholesale rates over different sub-samples of data.
A MIR rate is a synthetic rate representing a weighted average of retail rates of various maturities:
where r t (τ ) is a retail rate of maturity τ (here, maturity means period of interest rate fixation), τ is the minimal maturity and τ is the maximal maturity of retail rates which are included in the synthetic rate r t , ω τ is the weight of a rate of maturity τ . The weights ω τ , τ = τ , τ + 1, ...τ , are not systematically reported by MFIs.
If monetary financial institutions were matching maturities of retail and wholesale rates, then the baseline pass-through equation would have the form,
where m t (τ ) is a wholesale rate on a debt obligation of maturity τ , β is the passthrough coefficient, and ν is the bank mark-up. The parameters ν and β are said to be determined by the demand elasticity and the market structure (de Bondt 2005).
If β < 1, then the pass-through is said to be incomplete. The incomplete passthrough is explained by microeconomic factors such as low market competitiveness and credit rationing (see, inter alia, Winker 1999; Kot 2003; Chmielewski 2004; Gambacorta 2006; Sorensen and Werner 2006) . However, in this paper we consider a macroeconomic model of the incomplete pass-through.
If MFIs do not match maturities, but rely on the short-term financing, then they have to forecast a short-term wholesale rate and determine a risk premium in order to set a retail rate. Let us consider a modification of the linearized expectations model proposed by Shiller (1979) , which relates a wholesale rate m t (τ ) of maturity τ to the expected path of a one-period rate, m t (1):
where ϕ t (τ ) is a time-varying risk premium, γ is a discount factor, and E t m t+h (1) is the expectation of the one-period rate.
Substituting (2) in (1), we obtain
] .
After rearrangement, using
The equation can be rewritten as
where
The synthetic retail rate r t can be expressed as a function of a spot short-term rate and expected changes in the short term rate up to the maximal maturity of retail products included in the synthetic rate r t . The residual variability of the retail rate can be explained by the fluctuations in the risk premium.
In the Polish market of mortgage loans, the predominant pricing mechanism for loans granted in national currency is to set a retail rate equal to a short-term WIBOR (Warsaw Inter-Bank Offered Rate) plus a markup. Such pricing mechanism implies that the long-term value of the pass-through coefficient β should be equal to one. The markup, defined as a difference between the retail rate on mortgage loans and a 1-period WIBOR, is given by
where τ is the maximal period of interest rate fixation.
In this model, persistent changes in the markup z t are caused by changes in the evaluation of risk and revisions of forecasts by monetary financial institutions.
The persistent changes in the markup mean ineffectiveness of the monetary policy based on the regulation of interest rates, as monetary financial institutions do not fully transmit changes in wholesale (market) rates to retail rates, but partially absorb those changes through changes in the markup.
Econometric Model
In this paper a dynamic factor model is employed to summarize information that can be used by MFIs in making projections of future interest rates and evaluation of risk. In a similar study, Banerjee, Bystrov and Mizen (2013) estimated a passthrough model where recursive forecasts of a market rate were included into a dynamic regression. The forecasts were based on a factor model of the yield curve.
Though the study confirmed the importance of forecasts in the retail rate setting, the forecasts were based on the information contained in the yield curve only and the risk premium was assumed to be constant. The performance of the model may be improved by extending the information set with other macroeconomic and financial variables that might be useful in the forecasting of market rates and the evaluation of risk.
We model expectations of MFIs as based on a dynamic factor model which represents an extensive set of macroeconomic and financial variables by a few common factors:
where X t is (N × 1) vector of observed stationary macroeconomic and financial
(N × R) matrix of loadings, and e t is (N × 1) vector of idiosyncratic components.
A factor forecast can be constructed as a direct projection on the estimated common factors, their lags and lags of the forecast variable:
where ∆ (h) m t+h|t (1) is a forecast of h-period change in a one-period market rate conditional on the information available at time t.
MFIs can use a variety of macroeconomic and financial indicators to forecast future interest rates. The information contained in these indicators can be parsimoniously summarized by few common factors, and the factor forecasts can serve an approximation of the expectations formed by MFIs. However, the information, summarized by the common factors, may also be used in the evaluation of macroeconomic risks and the determination of the risk premium (µ t ).
Therefore, the inclusion of factor forecasts in a pass-through model, while assuming a constant risk premium, may not be recommended. The risk premium can be time-varying and dependent on the macroeconomic indicators which are included in the factor model. In this paper, a dynamic model of the pass-through is augmented by the estimated common factors, assuming that the information, which is summarized by these factors, may determine both expectations and the risk premium.
A bivariate vector autoregression, including a measure of markup, z t , and a change in a market rate, ∆m t (1), is augmented by a few factors F t extracted from a large number of macroeconomic and financial indicators:
, and d(L) are scalar polynomials. The common factors F t are assumed to be exogenous with respect to markup z t and differenced market rate ∆m t (1). Therefore, zero restrictions are imposed on the lags of z t and ∆m t (1) in the equations for the common factors.
The common factors are estimated using the principal components estimator. Bai and Ng (2006) provide central limit theorems and confidence intervals for inference in factor-augmented regressions. We implement Bai and Ng (2006) methodology: parameters of the factor-augmented regressions are estimated using the least squares estimator and heteroscedasticity-consistent standard errors are computed to account for consequences of including generated regressors in the model.
Data Description
The FAVAR model is estimated using monthly data from January 2004 to December 2012. The markup is computed as a difference between the average rate on outstanding amounts on mortgage loans granted in national currency and the monthly average of 1-month WIBOR. It is a synthetic measure of markup that can only be interpreted as an approximation of the actual markup set by MFIs.
The mortgage rate is extracted from the Monetary and Financial Statistics of the National Bank of Poland. Figure 1 shows the time series plot of two series (with means subtracted).
The dynamic factor model is estimated using monthly data from January 2001
to December 2012. The data include 49 time series covering industrial production, prices, exchange rates, interest rates, monetary aggregates, stock exchange indices and leading business indicators (see Table 1 in the Appendix). The series were extracted from a databases of a few institutions: the National Bank of Poland (NBP), the Central Statistical Office of Poland (GUS), the Warsaw Stock Exchange (GPW), Eurostat, the European Central Bank (ECB), the OECD, and the IMF.
The composition of the data panel is aimed to provide a balanced representation of all sectors of the Polish economy.
Prior to estimation of the factor model, the data were processed using Stock and Watson (1999) methodology. First, all series that were modelled as generated by integrated processes, were transformed to stationary series, using differences or log-differences. Second, all non-financial time series were seasonally adjusted using Census X12-ARIMA procedure. Third, outliers exceeding the interquartile difference by a factor of six, were substituted by missing values that were sub-sequently substituted by estimates obtained using the expectation-maximization (EM) algorithm. Fourth, all series were standardized to have zero mean and unit variance.
Estimation Results
The common factors were estimated using the principal component estimator.
First, the estimation was performed a panel of series including no missing values.
Second, missing values were interpolated using the EM algorithm and the factors were estimated using the whole panel.
Initially, ten common factors were estimated. Of those, six factors were selected using a threshold of at least 5 percent of the total variance explained by each selected factor (for an application of such criterion, see Forni and Reichlin 1998) .
The final FAVAR obtained in the model selection process, included only four factors. These four factors explain 50 percent of the total variance in 49 time series.
The time series plot of these factors is shown in Figure 2 The final model included four factors and up to three lags of each variable (see Table 2 ).
The eigenvalues of the companion matrix of the estimated FAVAR and the covariance matrix of disturbances are reported in Table 3 . All eigenvalues of the companion matrix are less than one in modulus, which means that the estimated FAVAR is stable (there are no unit or explosive roots).
The Figure 5 shows the orthogonalized impulse responses of the markup, z t , to shocks in the common factors F 1t , F 2t , F 3t , and F 4t , and in the differenced 1-month WIBOR, ∆m t (1). Each shock is equal to one standard deviation of residuals in the estimated equation for a corresponding variable. An impulse to the differenced 1-month WIBOR, ∆m t (1), implies a significant negative shock to the markup, z t , which slowly converges to the previous level afterwards. It means that if the level of 1-month WIBOR unexpectedly but permanently increases, then the markup decreases temporarily: a part of the increase in the WIBOR is not transferred to an increase in mortgage rates -it is absorbed by a decrease in the markup.
There are significant impulse responses of the markup to factors 2, 3, and 4, which are correlated with the growth rates of industrial production, changes in interest rates, and consumer price inflation correspondingly. The direction of these effects should be interpreted with a precaution though, as factors are identified up to a linear transformation, and additional restrictions have to be imposed to admit a structural interpretation of these impulse responses. However, it can be concluded that one has to control for other macroeconomic indicators when measuring the response of the markup to a short-term market rate.
The orthogonal impulse responses of the 1-month WIBOR are shown in Figure   6 . There are significant responses of the differenced 1-month WIBOR to shocks 
Conclusions
In this paper, a factor-augmented VAR model is used to explain the relation be- 
